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CIRCULAR_ 90 DEGREE INPLANE BEND
R/r = 3.2, Turbulent Flow, Rey ="40,000
Streamwise Velocity

Experiment

Analysis ( PNS Solution )
Mesh = 50 x 50 x 86

————— Mesh = 25x 25 x 86
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Surface 'Sheor Stres;

CIRCULAR 90 DEGREE INPLANE BEND . -
R/r = 3.2, Turbulent Flow, Rey = 40,000
| . Secondary Velocity”.

Near Surface Velocity Vectors
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CIRCULAR 90 DEGREE INPLANE BEND
R/r = 3.2, Laminar Flow, Rey = 790
Streamwise Velocity N

Experiment '
Analysis { PNS Solution )
~Mesh = 40x40x 75
~---~—Mesh = 20x20x /5

~ Surface Shear Stress -

CIRCULAR 90 DEGREE INPLANE BEND
R/r = 3.2, Laminar Flow, Rey = 790
Secondary Velocity .
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CIRCULAR 180 DEGREE INPLANE BEND
R/r = 7, Laminar Flow, Rey = 242
PNS_Solution, Secondary Flow
| Theta = 50.0 degrees

Anoiysis Experiment:

A
CIRCULAR 180 DEGREE INPLANE BEND
R/r =7, Laminar Flow, Rey = 247
- PNS_Solution, Secondary Flow
Theta = 75.0 degrees
a7 = N
G
B NN 5 A N, h
i) 1:0’///%//7 \‘\%\\\‘:f/ !
Analysis Experiment -
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CIRCULAR 180 DEGREF INPLANE BEND
Rir=17 Laminar Flow, Rey = 247
-PNS Solution, secondary Flow
Theta = 105.0 degrees

Anoiysis Experiment

| CIRR/CULAR 180 DEGREE INPLANE BEND)

r = 7, Laminar Flow, Rey = 242
PNS Solution, Secondary Flow
~ Theta = 135.0 degrees
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ORIGINAL PAGE 15 A5
OF POOR QUALITY

CIRCULAR 22.5 - 22.5 DEGREE INPLANE S-BEND ‘
Larninar Flow, Rey = 790 : !
Streamwise Velocity

Experiment

Anaiysis ( PNS Solution )

— Mesh = 40x 40x 80
————— Mesh = 20 x 20 x 80- : "

CIRCULAR 22.5 - 22.5 DEGREE INPLANE S-BEND
Laminar Flow, Re?/ = 790
Sec!ondory Velocity
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CIRCULAR 22.5 - 22.5 DEGREE INPLANE S— BEND

Turbulent Flow, Re

p——

-l

\/v 48 000
treomwnse elocity

Experiment

Analysis ( PNS Solution )
Mesh = 50 x 50 x 80
—~———=—Mesh = 25x25x80

CIRCULAR 22.5 - 225 DEGREE INPLANE S- BEND
Turbulent Flow, Rey = 48 000 ~
Secondory Velocity
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CIRCULAR 45 - 45 DEGREE INPLANE S—BEND k
PNS Solution, Surface Skin Friction
Turbulent Flow, Rey = 5.0 10
[ | o
i ) O Experiment
CF ! o : - Analysus
- | Sl- Len(;th | | i
- CF l [\‘/ CF ro———s s
' | -Nl— Length | ‘ — EI—LenLJthl | |
CIRCULAR 45 - 45 DEGREE INPLANE S—BEND | \
PNS Solution, Compressor Face Station .
Turbulent Flow, Rey = 5.0’ 105 |
i Mesh =50 X50X 100 = 2.5x 107 |

Exberiment

 Analysis

lllumult i

dyy
11 /‘Mu\\l
J..:\ |

Total Pressure Loss Secondary Velocity *Z |
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UNIVERSITY OF TENNESSEE INLET DUCT
Circular 30-30 degree Inplane S—Bend

Total Pressure Contours
Aexit /Ainlet = 1.0

Experiment  Analysis Experiment  Analysis
Theto = 45.0 degrees Theta = 60.C degrees

UNIVERSITY OF TENNESSEE INLET DUCT
Circular_30-30 degree Inplane S—Bend
Total Pressure Contours
Aexit/Ainlet = 1.0

Experiment  Analysis Experiment  Analysis
‘Theta = 15.0 degrees Theta = 32.0 degrees
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ORIGINAL PAGE IS
OF POOR QUALITY
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Analysis ( No Hub)

Experiment

RAE2129 AIRCRAFT INTAKE. DUCT
Compressor Face Total Pressure 6
Offset/Length = 0.30, M = 0.412,Re=4.13x 10

Analysis ( No Hub) Experiment
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RAE2129 AIRCRAFT INTAKE DUCT
Compressor Face Total Pressure 6
Offset/Length =0.30, M=0.794,Re = 6.60 x 10

Analysis (No Hub) Experiment

RAE2129 AIRCRAFT INTAKE DUCT
Compressor Face Total Pressure 5
Offset/Length = 0.45, M = 0.385,Re=3.90x 10°

X =

Analysis (No Hub) Experiment - :




RAE2129 AIRCRAFT INTAKE DUCT
~ Compressor Face Total Pressure
Offset/Length =0.45, M=0.773 Re = 6.50 x 1

” ’//V

~Analysis (No Hub) Experiment

RAE2129 AIRCRAFT INTAKE DUCT
Compressor Face Total Pressure

00

Offset/Length = 0.45, M = 0.573, Re = 5.37 x 105

| Ano!ysi(No Hub) Experiment
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ORIGINAL PAGE IS
OF POOR QuALITY

UNIVERSITY OF TENNESSEF INLET DUCT
Circular 30-30 degree Inplane S-Bend
Total Pressure Contours, No Vortex Generators
X/D = 1.29

Analysis

Experiment

UNIVERSITY OF TENNESSFF INIF DU

Circular 50~ 30 degree Inplone o-Bend

lotal Pressure Contours, No Vortex Genery
X/D = 249

lors

S
“afieniment!
Analysis bxpesim,
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ORIGINAL PAGE IS
OF POOR QUALITY

UNIVERSITY OF TENNESSEE INLET DUCI
Circular 30-30 degree Inplane S—Bend
Total Pressure Contours, No Vortey Generalors
X/D = 3.70

Analysis Experiment

UNIVERSITY OF TENNESSEL INTET DU
Circular 30-50 degree Inplane S

Total Pressure Contours, No v
X/D = 5.00

ortex GCeneraliors

Analysis
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ORIGINAL PAGE 13

UNIVERSITY OF TENNESSEE INLET DUCT
Circular 30-30 degree inplane S—Bend
Total Pressure g(op.toursq, 2\/gortex Generators
/U =172

Analysis Experiment

UNIVERSITY OF TENNESSEE INLET DUCT
Circular 30-30 degree Inplane S—Bend
Total Pressure Contours, Vortex Generators

X/D = 2.49
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Analysis Cxperiment




ORIGINAL ppy 4
OF POOR QUALlT's e
UNIVERSITY OF TENNESSEE INLET DUCT '
_ Circular 30-30 degree Inplane S—Bend
lotal Pressure Contours, Vortex Generators
X/0 = 35.70
Analysis Experiment |

UNIVERSITY OF TENNESSEFE INLET DUCT
Circular 3030 degree Inplane S—Bend
Total Pressure Contours, Vortex Generators

X/ D - f’_\} ﬂ :

e E— L

ey e .

Analysis E xperiment
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CFD VALIDATION EXPERIMENT i

Models A Circular Arc (R/r=5.6) Round Diffuser of Area Ratio
1.5 will be Arranged in the Form of two Connecting
90.0 Degree Bends so as to Allow o 180 dec};ree Inplane,
90-90 out-of-plane, and 90-90 Inplane Diffusing Duct

Conditions For Each Duct, Three Sets of Separated Flow Data will
be Obtained; for Laminar Flow at Nominal Reynolds
Number of 500 and 1093, and Turbulent Flow at a
Reynolds Number of 43,000

Analysis A Pre-Test Analysis will be Performed to Establish the
Flow Separation ToBolognes ond how they are Effected by
Reynolds Number, Boundary Layer Thickness, and Swirl

Measurments  Experiments will be Carried out with Combinations of
Laser—Velocimetry, Hot Wire Anenometry, Pressure Tubes,
and Flow Visualization. Survey Planes will be Established .
from Analysis of the Computational Results

CFD VALIDATION EXPERIMENT ;
Title Confined Separation in Curved Diffusing Ducts ’
Objective Establish a Detailed Experimental Data Base for 3

Evaluation of Navier Stokes Codes for Confined
Seporated Flows in Curved Diffusing Ducts

Thrusts Extension and Velidation of Lewis PNS Solver into
Separated Flow Regime using Flare Approximations

Evaluation and Extension of State—of-the-Art
Tu-Models for Confined, Separated, Swirling Flows

Evaluation and Validation of Lewis Time Marching
NS Solver ( PROTEUS ) into Separated Flow Regime

Approach A Joint Analysis/Experimental Program will be
Initiated in which the Experimentai Measurments will
be Performed ot a University, and the Analysis
at Lewis Research Center
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CONFINED SEPARATION IN CURVED DIFFUSING DUCTS

CFD Validation Cases

Re&,g.olds Flow 6/R ;S\:éﬁle Conf.1 | Conf.2 | Conf.3
500.0 Laminar 0.2 0.0 CS CS CS
30.0 CS CS CS
45.0 CS CS CS
1.0 0.0 CS CS SF
. 45.0 CS CS CS
1093.0 Laminar 0.2 0.0 CS CS SF
30.0 CS CS SF
45.0 CS CS CS
1.0 0.0 CS SF SF
45.0 CS SF SF
43,000 Turbulent 0.2 0.0 CS CS SF
15.0 CS CS CS
30.0 CS CS CS
1.0 0.0 CS SFx SFx+
30.0 CS CS CS

AF - Attached Flow CS - Confined Separation  SF - Separated Flow

CFD VALIDATION DIFFUSING DUCTS

180 Degree Inplane Geometry

Configuration No. 1
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CFD VALIDATION DIFFUSING DUCTS
90/90 Out-of-Plane Geometry
Configuration No. 2

s

CFD VALIDATION DIFFUSING DUCTS \

50/90 Degree Inplane Geometr
Con?igurotion No. 3 !
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